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CLAIMS 

What is claimed is: 

1 1 . A movable microstruoture comprising: 

2 a first finger set comprising at least two first fingers extending 

3 substantially parallel to a first displacement axis; 

4 a second fingeyset comprising at least one second finger, said at least 

5 one second finger extending substantially parallel to said first displacement 

6 axis, terminating between two first fingers, wherein each second finger is 

7 substantially closer to one of the two first fingers between which it terminates; 

8 and / 

9 an electrical circuit providing a position-dependent force having a 

1 0 magnitude varying in proportion to displacement along said first displacement 

1 1 axis. / 



1 2. The movable m infrastructure of claim 1 wherein said at least two first 

2 fingers comprise a conductive material, having a thickness between 2 and 1 00 

3 microns, a width between 1 and 25 microns, a finger length between 2 to 50 

4 microns, and aiVoverlap length of more than 2 microns. 

1 3. The/movable microstructure of claim 2 wherein said at least one 

2 second finger comprises a conductive material, having a thickness between 

3 2 and fOO microns, a width between 1 and 25 microns, a finger length 

4 between 2 to 50 microns, and an overlap length of more than 2 microns. 
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1 4. A movable microstructure comprising: 

2 a substrate; 

3 a proof-mass disposed aboVe said substrate; 

4 a first finger set comprising two or more first fingers affixed to said 

5 substrate and extending substantially parallel to a first displacement axis 

6 towards said proof-mass; 

7 a second finger set /comprising at least one second finger, each 

8 member of the second finger set extending substantially parallel to said first 

9 displacement axis from saja proof-mass, terminating between two first fingers, 

10 wherein each second finger is substantially closer to one of the two first 

1 1 fingers between which/it terminates, thereby forming a first capacitor; and 

1 2 an electrical circuit providing a voltage across said capacitor to provide 

13 a position-dependent/force on said proof-mass, said position-dependent force 

14 having a component along an axis substantially orthogonal to said first 

15 displacement axis, /the magnitude of said position-dependent force varying in 

16 proportion to displacement along said first displacement axis. 



1 5. The movable microstructure of claim 4 further including an oscillation- 

2 sustaining feedback loop having an output representative of proof-mass 

3 movement along said first displacement axis, said oscillation-sustaining 

4 feedback loop using electrostatic forces to sustain oscillatory motion. 
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The movable microstrudfure of claim 5 further including: 

2 a capacitive bridge responsive to displacements of said proof-mass 

3 along an axis orthogonal to said first displacement axis; and 

4 a positioi/sense interface connected to said capacitive bridge, said 

5 position serine interface having an electrical output varying in response to 

6 changes in said capacitive bridge. 
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7. The movable microstructure of cl^im 5 wherein the voltage applied to 
said first capacitor is substantially constant and chosen to cause said vibrating 
mass, absent a Coriolis force, to viorate more precisely along said first axis. 

8. The movable microstructure of claim 6 further including: 

a quadrature detection circuit having an output, said quadrature 
detection circuit synchronized with the output of said oscillation-sustaining 
feedback loop; and 

a feedback connection from the output of said quadrature detection 
circuit to said first capacitor, said feedback connection providing a voltage 
across said first capacitor; 

wherein said voltage causes the average output of said quadrature 
detection circuitry to converge towards a constant value, thereby causing said 
mass to vibrate, absent a Coriolis force, more precisely along said first axis. 



The movable microstructure of claim 4 further including: 
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2 a third finger set comprising two or more third fingers affixed to said 

3 substrate and extending substantially parallel to a first displacement axis 

4 towards said proof-mass; and 

5 a fourth finger set comprising ^t least one fourth finger, each member 

6 of the fourth finger set extending substantially parallel to said first 

7 displacement axis from said proof-mass along a direction opposite the 

8 direction of extension of said ^econd fingers, terminating between two third 

9 fingers, wherein each fourth/finger is closer to one of the two third fingers 
between which it terminate^, thereby forming a second capacitor. 

1 10. The moveable mi ^restructure of claim 9 wherein said electrical circuit 

2 provides a voltage across said second capacitor to provide a position- 

3 dependent force on s^id proof-mass, said position-dependent force having a 

4 component along an/axis substantially orthogonal to said first displacement 

5 axis, the magnitude/of said position-dependent force varying in proportion to 

6 displacement alorjg said first displacement axis. i 



1 11. The moveable microstrugtCire of claims further including an electrical 

2 circuit providing a voltage acr&ss said second capacitor to provide a position- 

3 dependent force on sajd^oof-mass, said position-dependent force having a 

4 component along an^ci^ substantially orthogonal to said first displacement 

5 axis, the magnitude^ of said position-dependent force varying in proportion to 

6 displacement along said first displacement axis. 
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1 12. The movable microstructure of claim 9 further including: 

2 a capacitive bridge responsive tp displacements of said proof-mass 

3 along a sense axis orthogonal to saicrfirst displacement axis; 

4 a position sense interface connected to said capacitive bridge, said 

5 position sense interface having an electrical output varying in response to 

6 changes in said capacitive bridge; 

7 a quadrature detection circuit having an output, said quadrature 

8 detection circuit synchronized with the output of said oscillation-sustaining 

9 feedback loop; / 

1 0 a feedback connection from the output of said quadrature detection 

1 1 circuit to said first and second capacitors, said feedback connection providing 

12 a defined voltage across each of said first and second capacitors, said voltage 

1 3 causing the average output of said quadrature detection circuitry to converge 

14 towards a constant value, thereby causing said mass to vibrate, absent a 

1 5 Coriolis force, more precisely along said first axis; and 

16 a Coriolis detection circuit having an output, said Coriolis detection 

17 circuit synchronized with the output of said oscillation-sustaining feedback 

1 8 loop; / 

19 wherein the Coriolis detection circuit output provides an electrical 

20 signal representative of rotational motion about an axis largely orthogonal to 

21 both said sense axis and said first displacement axis. 

\ — 
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13. A movable microstructure comprising: 
a substrate; 

a first proof-mass disposed above said sGbstrate; 

a second proof-mass disposed above said substrate; 

a first finger set comprising two px more first fingers affixed to said 
substrate and extending substantial]/ parallel to a first displacement axis 
towards said first proof-mass; 

a second finger set comprising at least one second finger, each 
member of the second finger/set extending substantially parallel to said first 
displacement axis from said first proof-mass, terminating between two first 
fingers, wherein each second finger is closer to one of the two first fingers 
between which it ternrynates, thereby forming a first smaller gap and a first 
capacitor; 

a third fincjer set comprising two or more third fingers affixed to said 
substrate and^xtending in a direction opposite said first finger set and 
substantially parallel to said first displacement axis towards said second proof- 
mass; 

a fourth finger set comprising at least one fourth finger, each member 
of the /ourth finger set extending substantially parallel to said first 
displacement axis from said second proof-mass, along a direction opposite 
said /second fingers, terminating between two third fingers, wherein each 
fourth finger is closer to one of the two third fingers between which it 
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23 terminates, thereby forming a seconjf smaller gap and a second capacitor; 

24 and 

25 an electrical circuit providing a first voltage across said first capacitor, 

26 and a second voltage acrqss said second capacitor to provide position- 

27 dependent forces on said/first proof-mass and on said second proof-mass, 

28 said position-dependent forces having a component along an axis 

29 substantially orthogonal to said first displacement axis, the magnitude of said 

30 position-dependent force varying in proportion to proof-mass displacement 

31 along said first displacement axis. 



1 4. The movable microstructwe of claim 1 3 further including an oscillation- 
sustaining feedback loop having an output representative of the relative 
movement between said first proof-mass and said second proof-mass along 
said first displacement ^xis, said oscillation-sustaining feedback loop using 
electrostatic forces toysustain oscillatory motion. 




1 1 5. The movable microstructure of claim 1 4 further including: 

2 a capacitive bridge responsive to the relative displacement between 

3 said first proo^mass and said second proof-mass along an axis orthogonal to 

4 said first displacement axis; and 

5 a p6sition sense interface connected to said capacitive bridge, said 

6 position^ense interface having an electrical output varying in response to 

7 changes in said capacitive bridge. 
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1 1 6. The movable microstructure of claim 1 4 wherein said first voltage anj2f 

2 said second voltage are distinct, are substantially constant, and are chosen to 

3 cause said vibrating mass, absent a Coriolis force, to vibrate more precisely 

4 along said first axis. ^^^^ 

1 1 7. The movable microstructure of claim 1 5 further including: 

2 a quadrature detection circuit having/an output, said quadrature 

3 detection circuit synchronized with the output of said oscillation-sustaining 

4 feedback loop; and / 

5 a feedback connection frorr/the output of said quadrature detection 

6 circuit to said first capacitor and said second capacitor, said feedback 

7 connection providing said^st voltage and said second voltage; 

8 wherein said first voltage and said second voltage cause the average 

9 output of said quadratt^re detection circuitry to converge towards a constant 

10 value, thereby causing said mass to vibrate, absent a Coriolis force, more 

1 1 precisely ato^said first axis. 

1 1 8. The movable microstructure of claim 1 4 further including: 

2 a fifth finger set comprising two or more fifth fingers affixed to said 

3 substrate and extending substantially parallel to a first displacement axis 

4 ^t^wards said first proof-mass in the direction of said first fingers; 
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a sixth finger set comprising at least one sixth finger, each membe^f 
the sixth finger set extending substantially parallel to said first displacement 
axis from said first proof-mass along the direction of extension of said second 
fingers, terminating between two fifth fingers, wherein each/sixth finger is 
substantially closer to the fifth finger opposite in direction/rf said first smaller 
gap in relation to said second finger, thereby forming/a third capacitor; 

a seventh finger set comprising two or more'seventh fingers affixed to 
said substrate and extending substantially para)tel to a first displacement axis 
and towards said second proof-mass; 

an eighth finger set comprising at lefast one eighth finger, each member 
of the eighth finger set extending/ substantially parallel to said first 
displacement axis from said seconcr proof-mass opposite the direction of the 
second fingers, terminating between two seventh fingers, wherein each eighth 
finger is substantially closer to4he seventh finger opposite in direction of said 
second smaller gap in rela^on to said fourth finger, thereby forming a fourth 
capacitor; and 

an electrical circuit providing a third voltage across said third capacitor, 
and a fourth voltacje across said fourth capacitor to provide position-dependent 
forces on said first proof-mass and on said second proof-mass, said position- 
dependentrorces having a component along an axis substantially orthogonal 
to said first displacement axis, the magnitude of said position-dependent force 
varying in proportion to proof-mass displacement along said first displacement 
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1 1 9. The movable microstructure of claim 1 8 further including: / 

2 a capacitive bridge responsive to the relative displacement between 

3 said first proof-mass and said second proof-mass along an axis'orthogonal to 

4 said first displacement axis; / 

5 a position sense interface connected to said capacitive bridge, said 

6 position sense interface having an electrical output/varying in response to 

i 

/ 

7 changes in said capacitive bridge; / 

/ 

8 a quadrature detection circuit having/an output, said quadrature 

9 detection circuit synchronized with the output of said oscillation-sustaining 

10 feedback loop; / 

1 1 a feedback connection from the output of said quadrature detection 

12 circuit to said first capacitor, said second capacitor, said third capacitor and 

13 said fourth capacitor, said feedback connection providing said first voltage, 

/ 

14 said second voltage, said third^ voltage and said fourth voltage; and 

15 a Coriolis detection^ circuit having an electrical signal output 

/ 

16 representative of rotational motion about an axis largely orthogonal to both 

1 7 said sense axis and said first displacement axis, said Coriolis detection circuit 

/ 

1 8 synchronized with the output of said oscillation-sustaining feedback loop. 

/ 

1 20. A micromachined vibratory rate gyroscope comprising: 

2 a substrate; 

/ 

3 a^ppDof-mass disposed above said substrate; 
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a first finger set comprising two or more first fingers affixed to said 
substrate and extending substantially parallel to a first displacement ^is 
towards said proof-mass; 

a second finger set comprising at least one second/ffnger, each 
member of the second finger set extending substantially^rallel to said first 
displacement axis from said proof-mass, terminatingb^tween two first fingers, 
wherein each second finger is substantially closer to one of the two first 
1 1 fingers between which it terminates, thereby/orming a capacitor; 

1 2 an oscillation-sustaining feedback loop having an output representative 

/ 

UJ 13 of proof-mass movement along said first displacement axis; 

m / 

1 4 a capacitive bridge responsive to displacements of said proof-mass 

f 

s 15 along an axis orthogonal to saicffirst displacement axis; 

16 a position sense interface connected to said capacitive bridge, said 

UJ / 

□ 17 position sense interface having an electrical output varying in response to 

ass. / 

18 changes in said capacitive bridge; 

/ 
/ 

19 a quadrature detection circuit having an output, said quadrature 

20 detection circuit/^ynchronized with the output of said oscillation-sustaining 

21 feedback loop; and 

/ 

22 a feedback connection from the output of said quadrature detection 

/ 

23 circuit to said capacitor, said feedback connection providing a voltage across 

/ 

24 saicMirst capacitor; 

/ 
/ 
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25 wherein thCvoltage applied to said capacitor drives the output of said 

26 quadrature detection circuitry towards a constant value, thereby causing said 

27 mass to/vibrate absent a Coriolis force, more precisely along said first axis. 
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